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1 . 

The  :riodern  cit>'  exists  as  a center  inforynat ion  exchange, 
administrative  function,  and  commercial  activity.  However,  it  would 
not  be  an  exaggeration  to  say  that  its  functions,  that  is,  its  activities 
all  stem  from  the  maintenance  of  traffic  and  that  the  life  of  the  city 
depends  upon  that  traffic,  and  that  the  city  is  the  product  of  its 
traffic.  Because  of  this,  wtien , even  for  only  a short  period  of  time, 

traffic  is  suddenly  paralyzed  due  to  some  event  such  as  a hea-.-y  snowfall,  t 

the  lives  of  the  city's  people  fall  into  chaos.  Tor  this  reason,  I went 
to  a city  where  I could  observe  heavy  snowfalls  to  measure  expenditures, 
snow  removal  operations,  and  capacity  to  insure  traffic  [flow]. 

In  general,  beyond  expending  sizable  sums,  it  is  appropriate  that 
we  calculate  their  efficiency  and,  again,  even  more  than  determining 
these  results,  it  is  of  prime  importance  that  we  may  hereafter  be  able 
to  make  these  expenditures  more  efficaciously.  But,  as  concerns  the 
street  snow  removal  discussed  here,  there  have  been  no  previous  attempts 
to  gauge  actual  economic  effect.  Let  us  examine  the  following  several 
reasons  for  this. 

a).  The  heavy- snowfal 1 belt  is  comparatively  sparsely  populated 
and  additionally  its  traffic  volume  is  low. 

bl . It  goes  without  saying  that  there  is  a strong  feeling  of 
resignation  concerning  the  accumulation  of  snow  in  winter. 

c)  . There  are  many  stoppages  of  winter-time  industrial  operations 
and,  moreover,  a large  portion  of  t>'pes  of  industries  such  as  agri- 
culture cannot  but  be  stopped. 

d)  . It  has  not  been  customary  to  promote  public  works  while 
measuring  economic  effect. 

e'j  . Especially  in  the  case  of  highway  snow  removal,  while  snow 
removal  is  an  annual  occurrence,  when  spring  comes  the  snow  melts 
naturally;  furthermore,  it  leaves  no  tangible  traces. 

f ) . .An  easily  applied  method  for  esti.mating  the  economic  effect 
had  not  been  developed. 

However,  in  recent  years,  population  has  become  concentrated  even 
in  the  cities  of  the  heavy-snowfall  belt,  and  accompanying  the  evolution 
of  "motorization”,  there  has  been  a sudden  increase  in  highway  traf*-'ic 
volume.  Also,  the  industrial  framework  has  changed  in  order  to  sustain 
dense  populations:  the  trend  has  switched  from  one  shift  [work  shift! 
industries  to  two  and  three  shift  industries  that  have  come  to  operate 
their  production  facilities  continuously.  Consequently,  the  importance 
of  highway  snow  removal  in  winter  has  increased  and  gradually  the 
amounts  invested  in  it  have  become  enormous.  On  the  other  hand,  when  the 
expenditures  became  great,  naturally,  their  efficiency  was  questioned, 
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and  the  idea  that  we  had  to  pronote  these  projects  while  gauging  their 
economic  effects  hecame  important.  However,  again,  a method  of  esti- 
mating their  economic  effect  had  not  been  developed.  Highway  snow 
removal  is  particularly  important  to  cities  and  their  outlying  districts; 
in  addition,  the  method  of  expressing  its  results  is  complicated,  and 
whatever  one  might  say,  since  it  is  a short-lived  phenomenon,  simply 
adapting  a method  for  estimating  the  economic  effect  on  ordinary  roads 
has  been  an  insoluble  problem. 

This  stud}'  evaluates  economic  effects  one  by  one  and  attempts  to 
advance  calculations  from  the  point  of  view  of  the  coordinate  estimation 
method  to  determine  and  follow  the  process  of  the  development  of  economic 
effect.  That  is,  the  economic  effect  unfolds  according  to  the  flow  of 
traffic  traveling  along  that  road;  and  it  stimulates  the  area's  economic 
standard,  even  affecting  the  environs  backing  on  that  road.  In  other 
words,  in  the  relationship  between  the  flow  of  traffic  which  travels 
along  the  road  and  the  area's  economic  structure  lies  the  development  of 
economic  effect  * . 

In  my  opinion,  the  results  of  observing  th  macroscopic  nafare  of 
the  traffic  flow  in  detail  have  confirmed  the  h>-pothesis  that  traffic 
volame  is  irregular.  Furthermore,  I combined  this  with  the  tra*-'*-'ic 
volume-production  income  function  model,  coordinated  it  with  the  direct 
and  indirect  benefits  of  highway  snow  removal,  and  tried  to  estimate  Hy 
unit  of  currency.  Also  snow  removal  expenditures  have  not  been  itemiced, 
‘'"ut  calculated  as  lump  sums,  and  I have  tried  to  estimate  the  economic 
effect  and  make  a comparison  of  it  with  the  value  of  its  benefits. 

2.  View  on  Estimating  the  Economic  Effect  of  Street  Snow  Removal. 

In  general,  to  estimate  the  economic  effect  of  a road,  the  relation- 
ship of  the  traffic  flow  system  to  the  area  economic  system  is  determined 
Street  snow  removal,  too,  may  be  viewed  in  the  same  way.  That  is  to  say, 
if  an  accumulation  of  snow  on  the  streets  causes  a negative  change  in  the 
traffic  flow  system,  then  this  traffic  flow  system  which  has  retrogressed 
will  bring  about  a decline  in  the  city's  economic  activity. 

However,  street  snow  removal  suppresses  this  negative  change 
imposed  upon  the  traffic  flow  system  and  the  result  is  a reduction  of 
the  decline  in  the  city's  economic  activity.  This  is  the  economic  effect 
of  street  snow  re.moval.  Consequently,  in  this  study,  I Just  took  the 
negative  change  which  an  accumulation  of  snow  on  the  streets  imposes 
upon  the  traffic  flow  system  as  a decrease  in  the  traffic  volume,  and, 
secondly,  1 have  tried  to  estimate  how  the  decline  of  traffic  volume 
affects  the  city  residents'  income. 

(1)  Decline  of  Traffic  Volume  V'ith  Respect  to  Snow  Accumulation. 

Normally,  the  largest  portion  of  traffic  within  a cone  i-i  passes 
via  the  shortest  through-road  k,  but  when  this  is  interrupted  by  a snow 
accumulation  or  when  it  falls  into  a Jam,  traffic  becomes  active  on 
detour  route  1.  However,  because  traffic  resistance  on  detour  route  1 


is  great  compared  to  that  of  the  shortest  through- road  k fe.g.,  as 
manifested  in  the  time  necessar>'  to  travel  it,  etc.),  the  traffic  being 
unable  to  overcome  this  resistance  may  be  aborted.  Accordingly,  k is 
interrupted,  or  the  traffic  volume  of  the  interval  i-J  is  decreased  by 
a i am . 


I carried  out  the  following  investigation  of  the  Sapporo  Cify 
traffic  flow  in  order  to  measure  this  decrease  of  traffic  volume.  That 
is,  from  Friday,  August  18,  until  Tuesday,  August  22,  19t>7,  three  days 
excluding  Saturday  and  Sunday,  I carried  out  my  investigation  of  traffic 
volume  at  262  points  of  the  whole  city  from  seven  in  the  morning  until 
seven  at  night.  Moreover,  I selected  days  with  road  conditions  the  same 
as  on  these  investigation  days  and  I conducted  running-speed  investi- 
gations using  test  vehicles^.  Next,  from  Monday,  January  S,  to  Thursday, 
Ianuar>'  11,  1968,  four  days,  I investigated  traffic  volume  as  I had 
previously  from  seven  in  the  morning  until  seven  at  night  at  112  of  the 
investigation  points  of  the  previous  year's  summer,  taking  the  01>-mpic  'Aa 
as  well  as  the  important  snow  removal  arteries,  etc.,  into  consideration 
and  conducted  a running-speed  investigation  again  in  Fe'^ruarv-  of  the  same 
year.  1 extracted  the  summer  and  winter  traffic  volumes  and  the  results 
of  the  running-speed  investigations  from  this  data;  ma.tched  them;  and 
computed  the  traffic  work  volume  Z defined  as  the  cumulative 

product  of  the  traffic  volumes  T,  and  the  resnective  travel  times  t, 

K K 

as  outlined  below  (Figure  1). 


Mokko  D.inji 
Observation  Point 


Kotoni  Blvd. 
Observation  Point 


Figure  1.  Traffic  Work  Volume 
Computation  Method. 

a) .  I drew  a traffic  flow  zone  diagram  according  to  the  point 
traffic  volume. 

b)  . I computed  the  average  travel  time  split  into  distance 
intervals  according  to  average  travel  speed. 

c)  . I computed  the  traffic  work  volume  of  these  intervals 
fvehicles  ' timel  by  multiplying  the  traffic  volume  (in  this  case  taking 
the  number  of  vehicles  transiting  the  points  in  either  direction  during 
a twelve  hour  periodl  by  the  average  travel  time. 

d)  . I computed  the  total  traffic  work  volume  for  Sapporo  Cit>' 
by  totaling  the  traffic  work  volume  of  the  respective  intervals  for  the 
entire  city. 
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The  result?  are  as  in  Chart  1 


Figure  2.  Comparison  of  Summer 
Traffic  Volume  with  Winter  Traffic 
Vo  1 ume . 


V V i tk<t  . I 


Figure  3-  Comparison  of  Summer  Traffic 
Work  Volume  and  Winter  Traffic  Work 
Vo  1 ume . 


Figure  2 compares  the  summer  traffic  volume  and  the  winter  traffic 
volume  at  the  various  points,  and  as  could  be  predicted,  the  summer 
traffic  volume  was  greater  than  the  winter  traffic  volume  on  most  of 
the  routes;  however,  the  winter  traffic  volume  was  much  greater  on  one 
portion  of  the  routes.  This  may  he  because  of  the  diversion  from  routes 
from  which  snow  was  not  removed  to  routes  from  which  snow  was  removed. 

As  for  the  comparison  of  the  totals  of  traffic  volume  points  like  this, 
if  we  take  the  summertime  as  lOOfi,  the  winter  was  Sb.3°,  and  a diFference 
of  about  13.7^  can  be  seen.  On  the  other  hand,  if  we  look  at  the  traffic 
work  volume,  as  can  be  seen  in  Figure  3,  the  decline  is  similar,  with  the 


summer  volume  at  inn^j,  the  winter  volume  comes  to  99”;  and  the  difference 
does  not  exceed  a scant  1°.  Of  course,  we  cannot  reach  conclusions 
from  this  one  fact,  but  if  we  can  assume  that  in  this  one  city  the 
sum.mer’s  dail>'  traffic  work  volume  will  he  constant  in  the  winter;  when 
we  investigate  the  summer's  daily  traffic  vokune  i T^j,  and  average 

required  travel  time  t^^  and  the  winter's  average  required  travel  time  t, 

then  we  can  calculate  the  winter's  daily  traffic  volimie  " T,  . 


U' 


cn 


: V / q r.. 


(21 


Consequently,  the  difference  between  the  summer  daily  traffic  volume 
and  the  winter  daily  traffic  volume  is 

j /-=q  V.-q  V.-q-  V,.  ... 

' * • ( j ; 

If  we  try  to  eliminate  this  difference  by  street  snow  re.moval  , this 
is  the  road  snow  removal  effect  which  is  manifested  as  the  difference 
of  traffic  volume. 

« 

(2)  Traffic  Volume-Production  Income  Function  Model. 

Following  the  road  economic  effect  estimation  method  according  to 
the  Tinbergen  model  for  the  effect  of  snow  removal  which  is  manifested 
as  the  difference  in  traffic  volume,  I tried  to  construct  a traffic 
volume-production  income  function  model  in  order  to  express  the  difference 
in  the  city's  residents'  production  of  income. 

a) . The  relationship  of  traffic  volume  to  the  production  invest- 
ment factor. 

If  we  let  the  constant  I be  the  load  capacity  of  a vehicle  and  .X 
be  the  production  investment  factor,  there  may  be  considered  to  be  a 
proportional  relationship  between  the  vehicular  traffic  volume  T and  the 
factor  X. 


/'  = /n' ( - fi' 

-V  — /(T— = 

provided  that  = n is  transposed  to  = n. 

That  is  to  say,  if  there  is  an  increase  in  the  production  investment 
factor,  the  traffic  volume  will  increase  proportionately.  Conversel>’, 
we  can  also  say  that  an  increase  in  the  traffic  volume  means  an  increase 
in  the  production  investment  factor. 
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On  the  other  hand,  in  our  country  or  tO(iay  the  circulation  of  the 
production  investment  factor  cannot  neglect  vehicular  traffic.  For 
e.xample,  even  though  a large  portion  of  travel  is  by  train,  boat,  plane 
etc.,  on  cither  end,  generally,  an  automobile  is  involved.  Because  of 
this,  if  T = n,  then  we  may  say  that  X = 0.  Accordingly,  when  we  make 
n = 0 in  equation  ;'3)  , we  derive 


X = ml  'bl 

bl . The  relationship  of  the  production  investment  factor  to 
production  income. 

The  relationship  of  the  production  investment  factor  to  production 
income  may  be  expressed  by  the  so-called  production  function. 

The  production  function  generally  satisfies  the  two  following 
criteria" . 


(11.  IVhen  the  production  investment  factor  X increases, 
production  income  V increases  (corrected  as  to  the  limits  of  product ivi t.v' 


I'il 

.X 


n 


(2).  However,  the  rate  of  increase  diminishes  (the  law  of 
diminishing  return  of  production  investment  factor) 


In  the  function  model  which  satisfies  these  conditions, 

T = a A*  a.  .1).  1 • Jj.0 

we  can  consider  the  exponential  function  above.  That  is  to  say, 
(1).  the  corrected  limit  of  productivity 

■>  A 

■(21.  the  law  of  diminishing  return  is 


(S'* 


(f) 


(in) 


(11) 


If  we  adopt  an  exponential  funct ion- 1 ike  equation  (9)  as  the 
production  function  in  this,  we  derive  from  this  and  equation  (6)  the 
following  relationship  of  traffic  volume  to  production  income 


V = <i  A"  ^-1  ! 


(12) 


That  is  to  say,  the  relationship  between  the  traffic  volame  of  that 
district  T and  of  the  production  income  Y may  he  expressed  in  the  form 
of  an  e.xponential  funct  ion- 1 ike  equation  (121. 
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I have  provisionally  named 


y=,i  l‘.  ./  II.  1 

the  traffic  volume-production  income  function  model  f[in  English]  traffic 
volume -product  modeP/  . 

(3)  Method  of  Estimating  the  Economic  Effect  of  Street  Snow  °emoval. 

The  traffic  volume-production  income  function  is  the  prominent  group 
above  which  should  serve  as  a starting  point. 

Now,  if  the  travel  time  t^  plus  t is  increased  by  snow  accumulation, 

we  can  calculate  the  decrease  in  traffic  volume  -J  according  to  equation 
by  putting  aside  the  assumption  of  a fi.xed  traffic  work  volume. 

Again,  accompanying  this  decrease  in  trying  to  point  out  the  traffic 
volume-production  income  function  model,  it  seems  that  production  income 
will  decrease  from  to  Y.  If  we  are  able  to  suppress  the  increase  in 
travel  time  by  highway  snow  removal,  the  traffic  volume  will  not 
decrease,  and  consequently,  the  decrease  of  production  income  will 
disappear.  That  is  to  say,  production  income  AY,  which  prevented  this 
decrease,  is  the  economic  benefit  of  road  snow  rem.oval,  and  we  can 
estimate  the  economic  effect  by  comparing  this  to  the  e.xpenses  necessary 
for  snow  removal  operations.  That  is  to  say,  if  we  make  B the  economic 
benefit  which  is  produced  by  this  and  if  we  make  C the  expenses  which 
are  necessary  for  snow  removal  operations, 

H=J)  (14) 

and  the  expense  x benefit  ratio  a may  be  expressed  as 

u=h,c=jyc  (15) 

3.  Estimation  of  the  Economic  Effect  of  Road  Snow  Removal  in  the  Central 
Area  of  Sapooro  City. 

Every  year  Sapporo  City  expends  great  sums  of  over  400,000,000  yen 
carrying  out  snow  removal  operations  when  winter  comes,  striving  to 
guarantee  road  traffic.  As  for  this,  much  of  the  lives  of  the  city's 
residents  depends  on  the  road  traffic  and  this  is  because  interruption 
of  road  traffic  is  directly  related  to  interference  with  the  lives  of 
the  residents  of  the  city. 

Snow  removal  eliminates  this  interruption  of  road  traffic  and  is 
extremely  important  for  the  maintenance  of  the  lives  of  the  city's 
resiiients  in  an  emergency.  I have  tried  to  determine  this  importance 
quantitatively,  and  to  estimate  it  taking  the  central  area  of  Sapporo 
City  for  my  example,  especially  for  the  estimation  of  economic  effect 
by  the  method  which  I outlined  in  the  previous  paragraphs. 


-10- 


a).  Subject  Area  of  Fstimation. 

The  subject  area  of  estimation  is  the  central  area  of  Sapporo  City 
as  shown  in  Figure  4.  All  the  means  of  transportation  of  Sapporo  City 
are  concentrated  in  this  central  area  and  also  a large  portion  of 
personal  trips  made  for  commuting  to  work  or  commuting  to  school  pass 
through  this  area  or  have  their  starting  or  finishing  point  there. 
Accordingly,  the  paralysis  of  this  area's  traffic  brings  great  harm  to 
all  areas  of  Sapporo  City  and  to  the  lives  of  the  people  of  the  whole 
city. 


b) . The  Minimum  Base  Road  Network  and  Emergency  Road  Network. 

Because  national  highways,  main  roads,  city  streetcar  tracks  and 
two  or  three  other  roads  are  the  minimal  roads  essential  to  prevent 
isolation  of  areas,  these  are  taken  as  the  minimal  base  road  network 
and  must  not  be  disabled.  General  1>",  snow  removal  of  national  highwa>'s 
is  carried  out  by  the  Hokkaido  Development  Bureau:  main  roads,  Hokkaido: 
and  streetcar  tracks  are  cleared  by  the  .Sapporo  City  Traffic  Bureau. 

When  all  of  these  roads  are  disabled,  for  e.xample,  even  for  a single 
day,  there  is  a risk  of  fatalities  among  the  aged  or  children.  In 
addition  to  this  there  is  the  emergency  living  road  network:  in  order  to 
be  able  to  utilice  both  the  aforementioned  minimal  base  road  networks 
and  the  emergency  living  road  networks,  first  of  all  the  emergency  living 
roads  must  be  maintained.  The  snow  removal  funds  which  arc  expended  by 
the  Sapporo  City  Construction  Bureau  are  the  funds  for  the  purpose  of 
snow  removal  from  this  emergency  living  road  network. 
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(1).  Influence  Exerted  on  Tra'^fic  Volume  by  '’oad  Snow  'Removal. 


I divided  the  central  area  of  Sapporo  City  into  zones  according  to 
the  zone  divisions  of  the  19(i8  \'ehicle  Traffic  Starting  and  Finishing 
Point  Investigation'  which  Sapporo  City  carried  out  in  19nS;  I sought 
the  difference  IT  between  traffic  volume  T in  the  case  of  snow  removal 
on  just  the  minimal  base  road  network  and  traffic  volume  T^  in  the  case 

of  snow  removal  on  both  the  minimal  base  road  network  and  the  emergency 
living  road  network  through  the  following  calculation  process  concerning 
the  traffic  volume  and  tb.e  various  zone  pairs.  That  is,  thi-^  difference 
of  traffic  volume  -;T  is  the  traffic  volume  which  has  been  maintained  by 
removing  snow  from  the  emergency  living  road  network  an<^  may  he  considered 
as  the  effect  of  street  snow  removal. 

Calculation  Process. 

1) .  The  movement  on  the  road  network  o’-'  traffic  volume 
femergency  traffic  volume!  T^  in  the  case  where  snow  is  removed  from  noth 

the  base  road  network  and  the  living  road  network  and  traffic  work  volume 
W is  calculated. 

2) .  As  for  the  living  road  network,  let  us  hypothesize 
that  it  becomes  congested  b>'  not  being  cleared  of  snow,  and  let  us 
calculate  the  traffic  work  volume  W which  has  the  small  traffic  volume 
T'  from  the  emergency  traffic  volume  T^  in  respect  to  the  base  road 

network  which  is  opened  up. 

3) .  IVhile  compensating  for  T',  I duplicated  the  calcu- 
lation of  2)  to  find  T*  when  IV  = W , and  made  this  traffic  volume  T in 
the  case  where  the  base  road  network  is  cleared  of  snow. 

4)  . I looked  for  the  difference  in  traffic  volume  IT 
by  subtracting  traffic  voliime  T in  the  case  where  only  the  base  road 
network  is  cleared  of  snow  from  the  emergency  traffic  volume  T^. 

When  I applied  this  to  every  zone  pair  which  is  related  to  the 
central  area,  the  result  was  Chart  2.  That  is,  the  total  difference  in 
traffic  volume  was  I", 692  vehicles. 

(2).  The  Sapporo  City  Traffic  Volume-Production  Income 
Funct i on  Mode  1 . 

We  can  e.xpress  the  benefit  achieved  by  road  snow  removal  as  units 
of  traffic  volume,  that  is,  vehicles  by  number  of  trips.  As  for  that, 
how  much  does  that  traffic  volume  contribute  to  the  formation  of  the 
city's  production  income?  If  we  wish  to  be  able  to  know  this,  we  can 
e.xpress  it  as  the  economic  benefit  from  road  snow  removal  taken  from  the 
change  of  the  amount  of  production  income.  '\'e  may  use  the  traffic  volume- 
-production  income  function  model  for  this. 
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CHART  2.  E'^FECT  OF  SMOW  REMOVAL  EXPRESSED  AS  DIFFERENCE  IN  TRAFFIC  VOLUME 


Zone 

pair 

Traffic  volume 
to  (veh ic les ' day) 
when  base  and 
emergency  net- 
works are  cleared  ' 
1 

Traffic  work 
volume  'V 
fvehic les • time) 

Traffic  volume 
T 1"  vehicles, 'da;.') 

when  only  base 
network  is  cleared 

niff.?rence  in 
traffic  volume 
rvehicle<  dav) 
-T  = T,  - t' 

201-202 

50  —2 

3 232 

4"  040 

3 •’32 

2in-2ni 

5 264 

5"1 

5 121 

22^-202 

14  oin 

1 400 

12  408 

1 512 

211-201 

9 778 

860 

9 589 

189 

211-202 

55  310 

2 573 

26  068 

•'  242 

1 “>0 

6 679 

893 

6 63’’ 

42 

213-201 

15  859 

1 541 

15  680 

1'9 

213-202 

36  138 

2 24  3 

Z 5 " " I 1 

16  7 

213-210 

2 103 

193 

2 082 

21 

214-201 

12  39b 

1 077 

12  115 

281 

214-202 

8 095 

962 

^ 899 

196 

215-201 

11  130 

808 

10  804 

326 

215-202 

8 232 

516 

SS5 

64- 

216-210 

12  013 

1 326 

9 615 

2 398 

217-201 

13  488 

891 

13  364 

124 

217-202 

16  657 

1 416 

16  555 

102 

217-213 

4 505 

581 

4 346 

159 

21~-214 

2 466 

217 

2 434 

32 

' 262  895 

20  923 

17  692 

To  construct  the  traffic  volume-production  income  function  model 
under  actual  conditions,  I had  to  prepare  simultaneous  traffic  volume 
investigation  results  and  production  income  figures.  However,  there 
were  the  traffic  volame  investigations  for  1962®,  1965  and  196R®  and 
city  citicen  income  statistics  from  1960  through  1968  for  the  Tit;.'  of 
Sapporo  to  be  used  as  data  for  this;  and  among  them,  then,  simultaneous 
data  for  each  of  the  three  points  of  1962,  1965  and  1968.  From  these, 

I constructed  the  traffic  volume-production  income  function  model.  Then 
for  the  city  residents'  essential  daily  income  amount,  I divided  the  city 
residents'  annual  income  by  365  and  then  converted  it  into  1968  money 
according  to  the  Sapporo  City  wholesale  price  inde.x  (Chart  5"). 
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CHART  3.  SAPPORO  CITY  RESIDENTS'  DAILY  INCO'^E  AMOUNT  AND  TRARRIC  ''R'LDHF 


' 1 

Annua  1 

city  citisens 
income- 
fl  onn  yen) 

City  Ci t i tens ' ' 
daily  1 

income'  ! 

fl  non  yen) 

1 Price  1 

index- 

ri06S  = 100) 

Cit  icons' 

1 essential 
dailv  income* 
fl  non  yen) 

1 

1 Tra'-Ric 
volume'- 
fvehicles) 

1D62 

1(  5 126  9S5 

452  405 

S6.0S 

520  lOo 

2on  Sfo 

25“  Son  2SS  , 

“On  485 

05.. 10 

“57)  552 

505  so: 

IPnS  ’ 

' ion  540  514  1 

1 115  Sio  ' 

ion. on  1 

1 115  Sio 

“"r> 

•The  annual  city  residents'  income  Rron  the  results  of  a Sapporo  City  statis- 
tical investigation:  report  on  an  estimate  oR  the  income  of  the  residents 

o*"'  '^apporo  City. 

^City  residents'  daily  income  = annual  income -'.SA5 . 

'The  price  index  is  according  to  the  I'okkaido  Commerce  and  ’^rade  Annual 
■Statistical  Report  corrected  so  that  the  Sapporo  Cit>'  '.\T.olesale  Price  Index 
qR  1P6S  = 100.00. 

“Sssential  daily  residents'  income  = daily  residents'  income  divided  ^y  the 
Price  Index. 

■■Rhe  Sapporo  City  area  (includin.g  Teine  'Lachi)  total  automobile  trafRic  volume 
(vehicles  'day) . 

I 

r 

If  we  apply  an  exponential  ^'unction  liVe  equation  fl5i  using  this 
data  we  obtain 


>•  = 151  259  7'’ 


= .59  923  r ' 

di 

(F  igure  5'J  . 


Daily  traffic  volume 
(vehicles' 

Rigure  5-  Traffic  Vol ume-Product ion 
Income  Function  Model  for  Raoooro  Citv. 


(16) 

n-) 


With  only  a scant  three  years'  data  to  suHstant  iat'e  this  traR^'ic 
volume-production  income  function  model,  I do  not  know  whether  or  not  it 
will  he  criticised  as  not  being  reliable.  However,  this  model  theoretically 
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cuppcrts,  as  I tiave  shown  above,  that  the  Tiinimum  square  method  does 
not  apply  alone.  Furthermore,  I think  that  this  method  of  use  can  serve 
the  purpose  of  this  paper  fully  because  it  utilizes  the  relative  values 
of  the  points  for  the  year  19(->8  while  interpolating. 

(3)  Expense  • Benefit  Ratio  and  Excess  Benefit. 

a).  Value  of  benefits  derived  ^ron  road  snow  removal. 

If  we  remove  snow  as  completely  as  possi'^le,  vehicular  tra^'^^ic  will 
approach  the  traffic  volume  of  usual  times  and  we  will  be  able  to 
ameliorate  the  harm  caused  by  failure  to  remove  snow  so  that  the  cit>" 
residents'  lives,  too,  will  return  to  normal.  The  amount  of  this 
amelioration  as  I mentioned  earlier  may  be  considered  as  the  value  of 
the  benefits  of  snow  removal. 

In  rij  I calculated  the  influence  of  road  snow  removal  in  the  central 
section  of  Sapporo  City  as  17,692  vebicles/day  and  asked  what  impart  this 
had  on  the  income  of  the  residents  of  the  city.  In  assessing  thus,  it 
was  appropriate  to  use  the  traffic  volume-production  income  function 
model  which  I constructed  in  fZ) . 

From  the  equation  (dY/Pt)  = 259. '^25  T j obtained 

{ilYul  r ."jr  Cl,0nn  yen/vehicles')  flSl 

r =11  .1  c>  n,onn  yen,  vehicles')  nP") 

That  is,  in  the  case  of  the  daily  traffic  volume  of  7"5,565  vehicles 
rif^bS)  , for  one  vehicle  of  traffic  volume,  827  yen  of  production  income 
was  consumed  and  in  the  case  of  the  "57,87.5  vehicles  which  when  subtracted 
from  this  to  yield  AT  = 17,692  vehicles,  it  consumed  855  yen.  Because 
the  1968  city  residents'  essential  daily  income  is  Y = 1,115,81b  thousand 
yen  and  the  daily  tra^'fic  volume  is  T = 7"5,565  vehicles,  fY'T")  = 1.4561 
thousand  yen  and  flexibility  n is 


and  the  traffic  volume-production  income  function  model  equation  fl6)  index 
of  T is  equal  to  b.576. 

Well,  if  we  do  not  remove  the  snow  from  the  normal  living  road  networl , 
the  traffic  volume  decreases  to  "57,8"5,  but  accompanying  this  how  much 
lower  will  the  production  income  be?  This  can  be  calculated  simple  from 
the  following  equation  if  we  use  the  flexibilitv  n. 

From  equation  120') 


,iY  ,rr  - r 


<uY  JT  -r 
f, 


f211 
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T 


= 'S'.SS.i  vehicles  is 

y *•  ■:"*  T'.T  ■'T  ' 

^ ' I)  j7t,  thousand  ;-'en.  (22) 

The  decline  in  the  city  residents'  production  income  is 

!3  lit  thousand  yen.  (2^'. 

However,  this  decline  can  be  prevented  by  snow  removal  and  the  amount, 
that  is,  the  value  of  benefit  can  be  made  B = jY . 

b) . Expense  • benefit  ratio. 

According  to  the  actual  investigation  o*-'  the  Bapporo  City  Road 
Maintenance  Department,  road  snow  removal  expenses  of  the  t>"pe  indicated 
in  Figure  2 increased  the  personnel  expenses  of  city  workers  and  totaled 
240, nno  thousand  yen  for  196S.  On  the  other  hand,  the  snow  removal  neriod 
is  December,  -January  and  Februar>'  fthree  months')  and  because  it  is  on  days, 
the  snow  removal  expenditure  for  one  day  C is 

= j thousand  yen  f241 

and  so  we  can  calculate 

Expense  • benefit  ratio  f 

The  problem  in  this  is  the  method  of  determining  minimum  base  road 
network  necessary  for  maintaining  a minimum  of  the  cit;.'  residents'  lives. 
This  is  because  even  the  value  of  the  benefit  changes  considerably  in 
respect  to  the  quantity  of  this.  In  this  study  I have  referred  to  the 
opinions  of  the  Sapporo  City  Road  Maintenance  Department  and  the  City 
Planning  Department  and  taken  them  as  in  Figure  4.  Even  if  there  were  a 
change  in  the  base  network,  the  calculation  procedure  would  ••'e  completely 
like  that  above. 

Conclusion. 

Returning  to  the  basic  point  of  t'^e  method  for  estimating  road 
economic  effects  in  this  naper,  first  of  all  I studied  the  details  of  the 
phenomenological  system  called  vehicular  traf*‘'ic  ^low  and  the  phenomeno- 
logical system  called  urban  eco.aomic  construction.  The  result  was  that  I 
tried  to  calculate  the  economic  benefits  in  currency  units  f>y  an  organic 
combination  of  both  the  previously  established  "Hvq^othesis  of  Fixed 
Traffic  Work  Volume"  and  the  later  traffic  volume-production  income 
^unction  model  which  I constructed.  I obtained  the  output  from  the 
normal  expense-benefit  ratio,  plugged  it  into  my  value  system  and  proposed 
a method  for  obtaining  the  economic  effect  of  roads.  Finally,  I applied 
this  method  to  the  case  of  road  snow  removal  in  the  central  area  o*-' 

Sapporo  City  in  IDfS  and  estimated  the  expense-benefit  ratio  as  S.'. 

This  method  is  culled  from  the  customary  methods  of  the  total  esti- 
mation method  and  its  attained  limit  of  economic  effect  is  not  local  nor 
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can  its  time  of  influence  be  applied  in  cases  that  are  momentary.  If  the 
attained  limit  of  its  economic  effect  were  local  and  if  it  were  momentary, 

I think  it  would  be  sufficient  to  estimate  tlie  direct  effect  takins;  this 
as  a base,  calculating  the  surplus  traf*-'ic  work  volume  ftra^^ic  volume  ' 
' average  travel  time")  that  may  he  produced  if  we  do  not  build  new  roads, 
improve  existing  roads  or  repair  roads.  Merea^^ter  man>’  problems  remain 
for  the  maior  points  of  this  method  w’^icti  I have  presented,  the  "">T)ot‘’es i s 
of  Fixed  Traffic  bork  Volume",  and  the  "Traffic  ''olume-’’roduct ion  Incom.e 
Function  Model".  That  is,  this  hypothesis  and  this  model  are  lacking  in 
corroborative  evidence  because  tliere  was  onl>'  a small  amount  o*-'  data  used 
in  their  construction. 

In  carrying  out  this  study,  T received  the  guidance  oF  Professor  Ogawa 
kirojo  of  Hokkaido  University  from  start  to  finish.  Also,  I received 
offers  of  valuable  data  from  the  Sapporo  City  Planning  Section.  I express 
my  deep  written  gratitude  to  all  of  them. 
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